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The linear gramicidins are a group of peptides with alternating L and D
chirality that fold into b-helices. The prototypical gramicidin is [Val1] grami-
cidin A (gA), which has been extensively studied using electrophysiology,
spectroscopy, and molecular dynamics simulations. gA channels form by
transmembrane dimerization and have been used to examine the interactions
between membrane proteins and their host bilayer. This study focuses on
gA channels in lipid bilayers composed of two phosphatidylcholines with
different acyl chain lengths. The bilayers were formed from equimolar mixtures
of DC16:1PCþDC24:1PC or DC18:1PCþDC22:1PC mixture, as well as pure
DC20:1PC, all of which have the same average tail length. These gA-bilayer
systems were simulated for 3.5 ms to explore the characteristics and energetics
of lateral lipid redistribution around a protein. The simulations indicate: i) the
overall bilayer thickness profile adjacent to the channel is similar in the three
systems tested; ii) in the DC16:1PCþDC24:1PC mixture, the shorter DC16:1PC
is enriched by nearly a factor of two in the first lipid shell around the channel;
iii) thickness matching is dominant, even when the disparity between lengths
is large; and iv) the acyl chains adopt non-native conformations in order to
match achieve hydrophobic matching between the gA dimer and the bilayer
core. In contrast to the results in the DC16:1PCþDC24:1PC mixture, enrich-
ment in the DC18:1PCþDC22:1PCmixture is statistically insignificant. The pref-
erence for the better matching lipid (DC16:1PC) near the channel in the
DC16:1PCþDC24:1PC mixture can be explained by a continuum model that
accounts for the energetic penalty associated with compressing the longer lipid
(DC24:1PC) to match the channel’s hydrophobic length.
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Cell membranes define a confined space for the cell and form an essential bar-
rier from the surrounding environments. They also provide active/passive
transport systems for some essential nutrients and small molecules. But it is
unclear how most of hydrophobic drugs such as paclitaxel penetrate through
the cell membranes. Paclitaxel has been shown to aggregate both in hydro-
philic and hydrophobic environments. Additionally it has been suggested to
contribute to pore formation in the membrane. Here we investigated
interactions between paclitaxel and a model cell membrane of 1-palmitoyl-
2-oleoyl-sn-glycero-3-phosphocholine (POPC) using molecular dynamics
simulations. The change of free energy across the bilayer interface calculated
by adaptive biasing force method showed good agreement with experimental
data. We performed 300ns long simulations of POPC membranes with
randomly inserted drugs up to 0.1 mole fraction. We compared the results
with a separate set of simulations where the drugs were initially inserted at lat-
tice points with a single orientation. Interestingly, the main baccatinic core and
the three more hydrophobic phenyl rings showed different preferential posi-
tioning in the membrane along the z-axis. This was consistent with the rotation
and orientation of the drug. The clustering of the drug molecules in the mem-
brane, order parameters of lipid tails, and water penetration along with the drug
clusters were analyzed. Modeling the transport of hydrophobic drugs into the
cell through computational investigations will provide insights of the drug
delivery process at a molecular level.
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To explore the mechanism by which Ca2þ blocks ionic conductance during tis-
sue injury, we recently solved the X-ray crystal structures of the Cx26 gapjunction channel with and without bound Ca2þ. The two structures were nearly
identical, ruling out a large-scale steric mechanism for channel block. Also,
the pore diameter was ~15 A˚, sufficient for the passage of hydrated ions.
The sites for Ca2þ coordination reside at the interface between adjacent
subunits, near the entrance to the extracellular gap. Ca2þ binding occurs by
local conformational shifts of Ca2þ-chelating residues. Molecular dynamics
simulations and electrostatic calculations suggest that Ca2þ induces an electro-
static barrier to the passage of cations. We used MD simulations to explore
the mechanism of channelopathy in the G45E mutant. The simulations suggest
that the additional acidic side-chain at each of the channel-lining Ca2þ binding
sites is unable to contribute to Ca2þ coordination. We propose that the
additional negative charge contributed by the glutamate carboxylate disrupts
normal Ca2þ-dependent electrostatic regulation of Cx26 ion selectivity and
permeability.
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MATE (the Multidrug And Toxic compound Extrusion) is one of the five multi-
drug efflux transporter super-families. It is featured as primary secondary active
transporter and comprises of 12 trans-membrane helices. The first and last six
transmembrane helices (TMs) form N-lobe and C-lobe domains, showing a
two-fold rotational symmetry. It is considered that the drug release/capture
related motions are characterized by switching of inward/outward-facing con-
formations (rocker-switch model).
Recently, multiple structures of the MATE from P.furiosus (PfMATE), has
been determined by X-ray crystallography in outward-facing conformation.
Two distinct structures ‘Straight’ and ‘Bent’ are characterized by conforma-
tions of TM1. Furthermore, PfMATE is shown to be Hþ driven antiporter, sug-
gesting that D41 and D184 in N-lobe are involved as important proton pathway.
It is also interesting that MATE has the hydrophobic surface of inner cavity,
since other multidrug transporters exhibit hydrophilic. The sharply opened
interface to the lipid molecules suggests the possibilities that the lipid mole-
cules intensively interact with the inside of the cavity.
To further elucidate the drug release mechanism in outward facing stage, we
adopted several promising simulation methods, continuum electrostatic anal-
ysis to predict protonation states, a number of independent all-atom Molecular
Dynamics (MD) simulations by changing conditions (initial conformations,
protonations, lipid positions, etc.) for dynamics and interactions, and quantum
mechanics calculation for drug forcefield development. Our results suggest that
D41 is protonated in Straight, while D41 and D184 are both protonated in Bent.
Furthermore, we successfully observed multiple drug release events in some
conditions of MD simulations. In the poster presentation, we will report and
discuss the dynamics and interactions of PfMATE revealed by different condi-
tions of MDs. We will also discuss the insights of the drug release mechanism
of PfMATE obtained by the simulations.
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Local membrane deformation has been implicated in regulating a variety of
cellular processes, such as ion channel function and vesicle fusion. In this
work, we show how molecular dynamic simulations can be used alone or in
conjunction with the continuum elastic model to estimate membrane elastic
properties. Detail analysis allowed us to divide the energetic cost associated
with the partial or complete extraction of a DOPE lipid from a POPC bilayer
into two main contributions: a) the elastic deformation of the membrane,
involving displacement of neighboring lipids, and b) the solvation energy
associated to the exposure of the acyl chains to the water phase. Membrane
elastic deformation was observed in molecular detail, and structural informa-
tion from the simulations was used with the continuum elastic model to
estimate an effective membrane spring constant independently from the
energy parameters of the simulations. The membrane spring constant was
also calculated from the potential of mean force and a good agreement was
802a Wednesday, February 19, 2014found between the two methods. Additionally, we confirmed that the calcu-
lated solvation energy matches that estimated by critical micelle formation
constants. This methodology provides a computational tool for determining
membrane elastic properties as a function of composition and in the presence
of membrane modifiers.
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The peptidoglycan biosynthesis and assembly is needed for (both Gram
negative and positive) bacterial cell wall formation. In the pathway, there
are lipid-linked precursors such as lipid I (in the inner leaflet) and lipid II
(in the outer leaflet of the cytoplasmic membrane). In addition, by peptido-
glycan glycosyltransferase, one peptidoglycan unit from lipid II is transferred
to the growing peptidoglycan oligomers attached to lipid II (lipid II-PG(x); x
is the number of transferred peptidoglycan units). In this work, lipid I,
lipid II-PG(0), lipid II-PG(2), lipid II-PG(5) of both Gram negative and posi-
tive bacteria are modeled and simulated in all-atom POPE/POPG (3:1;
Gram negative membrane mimetics), POPE/POPG (1:3; Gram positive
membrane mimetics), and POPC (neutral) bilayers. Presented are the struc-
ture and dynamics of the lipid-linked precursors and their dependence on
bilayer types and vice versa. The preferred structures of these precursors are
also discussed in terms of the reactions in (1) glycosyltransferase to add
GlcNAc to lipid I, (2) peptidoglycan glycosyltransferase to add peptidoglycan
units to lipid II-PG(x), and (3) transpeptidase that cross-links the peptidoglycan
units.
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Miltefosine is an anticancer alkylphospholipid whose primary target is the
plasma membrane (PM); however, the precise mechanism of interaction has
not been elucidated. Some data suggest that Miltefosine disrupts rafts and
alters nonvesicular transport of cholesterol from the PM to the endoplasmatic
reticulum, leading to cell apoptosis. Other experiments show that in the phar-
macologically relevant concentration range, Miltefosine does not affect the
biophysical properties of lipid rafts or PM. In this work, we have used
coarse-grained molecular dynamics simulations to calculate the free energy
change (DG) of transferral of Miltefosine from water to the interior of different
bilayers: DPPC (containing 0%, 10% and 30% cholesterol), DOPC, POPC,
DAPC and DUPC. DG values calculated through umbrella sampling simula-
tions were used to compute the partition coefficient (K) of Miltefosine between
the bilayer interiors and water. Compared to the pure DPPC bilayer, the
relative K values were: 5.4 (DOPC), 2.30 (POPC), 1.06 (DAPC), 2.27
(DUPC), 14.30 (10% cholesterol), and 75.9 (30% cholesterol). The systems
were also simulated with 5mol% and 10mol% of Miltefosine. The forma-
tion of micelles and the exchange of monomers between the micelles and
bilayers was observed. The simulation results show that Miltefosine has
high affinity for cholesterol enriched systems, suggesting a propensity for in-
teractions with rafts. Despite the change in the area/lipid, of all the bilayers
considered, only the DAPC bilayer developed major defects. Our results indi-
cate that in most biological contexts, the mechanism of action probably has
less to do with PM disruption than with alterations in lipid transport and in
the function of membrane proteins. PM disruption may play a larger role in
membranes rich in poly-unsaturated lipids, like those found in some hemato-
logical cancers.
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Various NMR observables, such as chemical shift anisotropy (CSA) and
dipolar coupling (DC) in solid-state NMR, and residual dipolar coupling
(RDC) in solution NMR experiments, have been used to characterize mem-
brane protein structures. As time- and ensemble-averaged measurements,
those observables also embed protein dynamics, which provides collective
motions relevant to protein function. However, most of present NMR struc-
ture determination approaches do not consider protein-lipid interactions, which
are essential determinants of membrane protein structure and function. Toovercome these limitations, various NMR observables were utilized as re-
straints in ensemble dynamics molecular dynamics simulations to investigate
protein dynamics in the explicit membranes. As representative membrane
proteins, Pf1 coat protein and Fd coat protein were used to set up two model
systems separately. Both of them are single-pass transmembrane helical pro-
teins involving one membrane associated periplasmic helix. The resulting
structures satisfy the NMR observables and are compared with the published
structures. The disposition of protein TM helix in the explicit membrane is
identified and the degree of freedom of the helix orientation under NMR re-
straints is observed.
4046-Pos Board B774
Amphotericin B Versus a Reduced Toxicity Chemical Analog in Aqueous
and Lipid Media: An Md Comparative Study
Marcel I. Espinosa-Caballero1, Xavier Periole2, Alex de Vries2,
M. Cristina Vargas-Gonza´lez1, Siewert J. Marrink2, Iva´n Ortega-Blake3,
Mauricio Carrillo-Tripp4.
1Fı´sica Aplicada, Centro de Investigacio´n y de Estudios Avanzados del
Instituto Polite´cnico Nacional, Me´rida, Mexico, 2Groningen Biomolecular
Sciences and Biotechnology Institute & Zernike Institute for Advanced
Materials, University of Groningen, Groningen, Netherlands, 3Instituto de
Ciencias Fı´sicas, Universidad Nacional Auto´noma de Me´xico, Cuernavaca,
Mexico, 4Laboratorio Nacional de Geno´mica para la Biodiversidad, Centro
de Investigacio´n y de Estudios Avanzados del Instituto Polite´cnico Nacional,
Irapuato, Mexico.
Amphotericin B (AmB) has been the worldwide drug of choice for the past
20 years to treat advanced systemic infections caused by a wide variety of
fungi. The fact that it presents high mammal toxicity has constrained it to
controlled clinical use only. The search for an alternative safer drug has
recently produced a chemical analog, A21, which maintains potency against
fungi but presents reduced side effects on mammals compared to AmB. We
believe that the increase in selectivity of the new drug is due to changes
in its solubility and how it interacts with sterol molecules in the bio-
membranes. In this study, a set of molecular dynamics simulations were
performed in order to understand the different behavior seen between AmB
and A21 on a cell membrane at atomic resolution. First, we report the results
of solvation free energy calculations, which allow us to estimate the partition
coefficient between two media for both antibiotics. Also, the aggregation state
is believed to be important for the introduction of the drug to the membrane,
thus its fungicide efficacy. For this reason, a series of calculations on the free
energy of transfer from aqueous to lipid media has been done for these
molecules, taking into account different drug configurations and aggregation
states.
4047-Pos Board B775
Effects of Diacylglycerols (DAGS) and Arachidonic Acid (AA) on the
Physical Properties of Model Lipid Bilayers: A Molecular Dynamics
Simulations Study
Ioannis Beis1, Matti Weckstro¨m1, Andre´ Juffer1,2, Marja Hyvo¨nen1.
1University of Oulu, Oulu, Finland, 2Biocenter Oulu, Oulu, Finland.
DAGs are lipid molecules capable of triggering a wide range of biological re-
sponses. They serve as second messengers by regulating both the translocation
to the membrane compartment and the activation of C1 domain-bearing pro-
teins, but they are also involved in the activation of certain TRPC channels,
the facilitation of membrane fusion and other phenomena of great biophysical
interest. AA is a molecule that can appear as a membrane-soluble free
fatty acid. Apart from its close relationship to inflammation, vasodilation
and other biological processes, AA acts as a second messenger itself and can
recruit -among others- certain protein kinase C isoforms.
We developed different, GROMOS-based sets of descriptions for biologically
relevant DAG isoforms and AA. We incorporated them into model phosphati-
dylcholine bilayer systems developed earlier [1], with or without the presence
of cholesterol and at different concentrations. We subsequently employed
Molecular Dynamics simulations of the mixed hydrated bilayer systems at
the atomic level. The ensemble behavior of our systems was validated against
experimental observations. Our results highlight the presence of modifications
in the properties of the model bilayers by DAGs and AA in both a mechanical,
bilayer patch-scale and a more local, atomic level; the latter in the form of orga-
nizational defects, e.g. voids.
Our studies contribute in elucidating the underlying physical mechanisms of
lipid-mediated signalling. Moreover, they provide clues in the context of deter-
mination of subtle biological distinction among different processes. Further-
more, they give rise to valid models for studying the interactions of lipid
bilayers with certain lipid-responsive proteins by computational means.
[1] Poger, D., and A. E. Mark. J. Chem. Theory Comput. (2009) 6:325.
